SUMMARY -Th e purpose of the study was to point to the importance of measuring intra-abdominal pressure (IAP) and of early recognition of the consequences of increased IAP on basic vital functions. Measurement of IAP via urinary bladder was conducted every 12 hours in 70 surgical patients with acute abdominal syndromes not previously operated on. Based on the measured IAP values, all patients were divided into groups of patients with normal IAP values (n=20) and patients with increased IAP values (n=50) . Vital functions and basic laboratory analysis were monitored and the values obtained were compared with IAP in both patient groups. A statistically signifi cant diff erence was found in body weight, body mass index, urine output, creatinine, urea, heart rate, partial pressure of oxygen (PaO 2 ) and partial pressure of carbon dioxide (PaCO 2 ) between patients with normal and increased IAP values. Th e increase in IAP values was found to be associated with an increase in PaCO 2 , respiratory rate, peak inspiratory pressure, central venous pressure, heart rate, Acute Physiology, Age and Chronic Health Evaluation II score, mortality rate, creatinine and urea values, and number of days of treatment in the intensive care unit. At the same time, the values of PaO 2, blood oxygen saturation, diuresis and abdominal perfusion pressure were declining. IAP measurement is an old, cost-eff ective, reliable technique that is easy to perform and should be applied in all high risk patients.
Introduction
Intra-abdominal hypertension (IAH) and abdominal compartment syndrome (ACS), the pathophysiologic manifestations of elevated intra-abdominal pressure (IAP), are signifi cant causes of morbidity and mortality in critically ill patients. Th e prevalence of IAH and ACS is diffi cult to determine as there are diff erent ways of measuring and determining IAP limits for development of IAH and ACS. According to the defi nition of the World Society of the Abdominal Compartment Syndrome (WSACS) 1 , the mean IAP was 10±4.8 mm Hg in a mixed population of critically ill patients. Based on this study, normal IAP was present in 67.9%, IAH (with mean IAP 15.8±3.4 mm Hg) in 32.1% and ACS in 4.2% of patients on admission. Th e prevalence of ACS among patients with IAH was 12.9%. In patients with IAH, the case-fatality rate was 38.8% [2] [3] [4] [5] . Th e case-fatality rate among patients with ACS was 45.1%, with a high correlation with the presence of comorbid factors 4, 6 . Serial IAP measurements are essential in order to establish accurate diagnosis and to assess the probability of fi nal outcome in patients developing IAH and ACS. Intravesicular technique of measuring IAP is easy and should be monitored in all patients considered to be at risk of signifi cant IAP elevation.
Th e purpose of the study was to point to the importance of measuring IAP and of early recognition of the consequences of increased IAP on basic vital functions.
Subjects and Methods
Current research was designed as a prospective cohort study conducted from January 1 to November 1, 2013, at the Intensive Care Unit (ICU) of Zvezdara Clinical Center in Belgrade. A total of 70 surgical patients with acute abdominal syndromes (acute pancreatitis, peritonitis, ascites, gastroparesis, ileus, pseudoobstruction of colon, distended abdomen) not previously operated on were included in the study.
Diagnostic criteria for acute pancreatitis were defi ned as the onset of typical abdominal symptoms and at least 3-fold elevated serum amylase or lipase levels, or characteristic fi ndings of acute pancreatitis on transabdominal ultrasonography or on contrast enhanced computed tomography (CECT) scan reserved for patients in whom the diagnosis was unclear. Ascites was diagnosed by ultrasound. Th e diagnosis of other conditions was based on clinical, laboratory and echo sonographic criteria. Exclusion criteria were hypothermia (temperature <33 °C), major burns, major trauma and peritoneal dialysis.
Th e IAH/ACS were defi ned according to the definitions of WSACS 1, 3 . IAH is defi ned by sustained or repeated pathological elevation of IAP ≥12 mm Hg. ACS is defi ned as sustained IAP >20 mm Hg that is associated with a new organ dysfunction or failure, which was not previously present 1, 3 . Based on these defi nitions, the study cohort were divided into two groups (group with normal IAP (<12 mm Hg) and group with high IAP levels) and followed-up until discharge from the ICU.
Th e measurement of IAP was performed according to the WSACS 1 recommendations. All patients had urinary catheter placed into the bladder, while the other end was connected to a three-way stopcock to the urine bag and part of the hose from the infusion set was connected to a measuring ruler marked in cm. While conducting the measurement, the urine bag was taken off , the hose of the infusion set was attached and through it 25 mL of sterile saline was injected into the empty urinary bladder, which was then pinched. Th e measurement was performed with the patient in horizontal position on the back, at the end of the expiratory fl ow 30-60 s after the injection solution. Zero point is at the level of middle axillary line at iliac crest. Th e values obtained were expressed in mm Hg by using a correction factor (1 mm Hg = 1.36 cm H 2 O).
Th e values of IAP thus obtained were compared with the following variables: age, sex, weight, height, body mass index (BMI), systolic, diastolic and mean arterial pressure (MAP), heart rate, central venous pressure (CVP), respiratory rate, gas analysis, peak inspiratory pressure of patients on mechanical ventilation, diuresis, and blood urea and creatinine levels. In order to estimate the probability of death in all patients, the Acute Physiology, Age and Chronic Health Evaluation (APACHE) II score was determined, as well as the value of the abdominal perfusion pressure (APP) as an accurate indicator of visceral perfusion and resuscitation and evaluation of survival in cases of IAH. Measurements of IAP were performed every twelve hours until the patient's discharge from the ICU. While measuring IAP, other inspected variables were determined (systolic, diastolic and mean arterial pressure, heart rate, CVP, respiratory rate, gas analysis, peak inspiratory pressure, APP, and blood urea and creatinine levels), diuresis per hour was monitored and other inspected variables were determined upon patient admission to the ICU.
Th e study was approved by the local Medical Ethics Committee, and formal consent was obtained from the patients.
Numerical characteristics were described by the methods of descriptive statistics: mean and measures of variability (standard deviation), and minimum and maximum value. On analysis of the results, depending on the nature of data, Student's t-test was used to compare between-group diff erences in parametric data on particular parameter. On analysis of between-group diff erences in homogeneous or nonparametric data on particular parameter, we used Wilcoxon-Mann-Whitney rank sum test. On analysis of the bond strength between various parameters, depending on the nature of data, Pearson's correlation coeffi cient was used for homogeneous data and Spearman's correlation coefficient for non-homogeneous or nonparametric data. In all statistical methods employed, the level of significance was set at p<0.05 and high level of statistical signifi cance at p<0.01. Analysis of the survey data was performed by the Statistical Package for Social Sciences, version 19.0 for Windows (SPSS) (IBM, London, England).
Results
Th is study included 70 surgical patients with acute abdominal syndromes, not previously operated on. Th ere were 20 patients with normal IAP and 50 patients with elevated IAP. Th e mean IAP value was 8.9±2.67 mm Hg in the group of patients with normal IAP and 18.1±4.50 mm Hg in patients with IAH. Th e main characteristics of study patients are shown in Table 1 .
With the increase in IAP, a statistically signifi cant increase was recorded in pulse, respiratory rate and partial pressure of carbon dioxide (PaCO 2 ), while the association of IAP with partial pressure of oxygen (PaO 2 ) and blood oxygen saturation (SpO 2 ) was also highly statistically signifi cant, but with the values of PaO 2 and SpO 2 decreasing with the increase in IAP. In patients on mechanical ventilation (n=19; 27%), the increase in IAP led to increase in the peak inspiratory pressure. Also, there was high statistical correlation between IAP increase and increase in the values of creatinine, urea, CVP and APACHE II score, while the increase in IAP caused a decrease in diuresis ( Table 2) .
Analysis of the APP revealed minimum values in patients with the highest values of IAP; these patients had the least amount of excreted urine and minimum values of the MAP, APP and fi ltration gradient (FG) in relation to other patients (Table 3) . Also, there was a statistically signifi cant correlation between APP and the amount of excreted urine, which showed the amount of urine output to decrease with APP reduction (r=-0.491, p=0.0001).
Analyzing the outcome of treatment, mortality rate was 15% in the group of patients with normal IAP, whereas in the group of patients with IAP >12 mm Hg mortality rate was more than twice as high, i.e. 36%. Th ere was a statistically signifi cant correlation between IAP increase and patient death (r=0.391, p=0.001). Data are expressed as mean ± SD; IAP = intra-abdominal pressure; IAH = intra-abdominal hypertension; BMI = body mass index; MAP = mean arterial pressure; PaCO 2 = partial pressure of carbon dioxide; PaO 2 = partial pressure of oxygen Deceased patients had a higher APACHE II score (30.6±9.24 vs. 28.2±7.56), but the diff erence was not signifi cant, along with a statistically signifi cantly higher rate of respiration (r=0.455, p=0.0001), statistically signifi cantly lower blood pressure (systolic r=-0.273, p=0.022), lower SpO 2 (r=-0.539, p=0.0001), and they required mechanical ventilation support (11 of 19 mechanically ventilated patients). Increased values of IAP were associated with a statistically signifi cant increase in the number of days spent at ICU (r=0.236, p=0.49). Correlation with the number of days spent at ICU between surviving patients with normal and surviving patients with increased IAP was also signifi cant (r=0.23, p=0.393).
Discussion
Until the WSACS conference, studies were conducted on a small number of patients or were of retrospective design, and thus did not provide correct information. At this conference, guidelines were adopted that have later been used in determining the value of IAP, and now we have accurate and reliable data. In an eff ort to show the impact of increased IAP on basic vital functions at ICU with less sophisticated equipment, we embarked upon analysis of the parameters of basic vital functions available at every ICU.
Th e parameters under study were compared with the mean values of IAP. Th e mean IAP value was 8.9±2.67 mm Hg in patients that did not develop IAH and 18.1±4.50 mm Hg in patients with IAH.
Th e two study groups diff ered signifi cantly according to body weight and BMI, whilst age, gender and height did not show statistically signifi cant diff erence. Patients with higher body weight and greater BMI had a higher risk of developing IAH. However, it was observed that patients with IAH were older than those with normal pressure, and were predominantly male. In the study by Sanchez et al. 7 , assessment of the parameters that could aff ect the increase in IAP revealed that the mean values of IAP were greater in men than in women, but without statistical signifi cance. Th e same held for age and presence of comorbidities. Unlike these, BMI showed high statistical signifi cance when both BMI and IAP were increased. Cobb et al. 8 confi rmed the results of previous studies.
Intra-abdominal pressure may infl uence hemodynamic pressures and thereby may aff ect organ perfusion, which manifests as disturbances of the cardiovascular, pulmonary and renal systems, and has an eff ect on hepatic, gastrointestinal and central nervous systems.
In the present study, it was observed that there was an increase in IAP and increase in MAP, but with the increase in IAP above 25 mm Hg there was a fall in arterial pressure, and these patients eventually died. It was also shown that the increase in IAP caused tachycardia and higher values of CVP. Two experimental studies by Rosenthal et al. 9 and Ben-Haim et al. showed the increase in IAP to be followed by an increase in systolic, diastolic and mean arterial pressure, as well as in CVP. Th e study conducted by Yavuz et al. 11 , inducing IAH in experimental conditions of pneumoperitoneum, showed that an increase in IAP caused an increase in arterial blood pressure, PaCO 2 and PaO 2 , whereas SpO 2 remained unchanged. Also, in the study by Barnes et al. 12 it was demonstrated that at very high levels of IAP there was an increase in blood pressure, whereas heart rate did not change, PaO 2 decreased and PaCO 2 increased. In contrast to these studies, the studies by Meininger et al. 13 and Horvath et al. 14 , which were also performed in experimental conditions, proved that there was only a minimal hemodynamic and metabolic change without statistical signifi cance.
Gas analyses demonstrated a signifi cant diff erence in the values of PaO 2 and PaCO 2 between the two groups. It was also shown that the increase in IAP increased PaCO 2 values, while the values of PaO 2 and SpO 2 decreased. Th ere was a signifi cant diff erence between the patients with IAP >12 mm Hg and patients with normal IAP values. Patients with higher IAP values or a tendency of IAP rise became tachypneic, dyspneic, with reduced SpO 2 and required mechanical ventilation support. If the IAP had an increasing trend or a high value from the beginning, and if the patients required mechanical ventilation support, then they had a high value of the peak inspiratory pressure and lower SpO 2 . Patients that were on mechanical ventilation had a higher mortality rate. Examining the issue of IAP, other researchers have reported similar changes 15, 16, 17 , i.e. the increase in IAP caused an increase in respiratory rate, heart rate, CVP, PaCO 2 , urea, serum creatinine and APACHE II score, while PaO 2 , SpO 2 , systolic and diastolic blood pressure, the amount of excreted urine, creatinine clearance, and mental status declined.
Th e present study demonstrated that there was a signifi cant diff erence in the level of urea, creatinine and diuresis between the two study groups. Increase in the IAP led to increasing levels of urea and creatinine and decrease in diuresis and anuria in patients with IAP values >25 mm Hg. By calculating the APP, which is an accurate indicator of visceral perfusion and restitution, it was proved that the reduction in MAP was accompanied by a decrease in APP and FG. An increase in the IAP and reduction of MAP and APP resulted in a decreased total urine output, which gradually led to anuria. In the group of patients with fatal outcome, an increase in IAP must have led to oliguria in case of constantly high IAP value, which rapidly led to anuria. Mullens et al. 18 also showed that patients with IAH had higher creatinine values and lower FG values (56 vs. 65 mm Hg, p=0.03). Sugrue et al. 19 report on the correlation between IAH and renal function, for IAP values above 25 mm Hg. Renal dysfunction occurred within 2.7 days of IAP increase and the disorder developed gradually.
Mortality rate was 15% in patients with normal IAP values and 36% in patients with IAH. Th e rise in IAP was followed by increase in the number of deaths, these patients had higher APACHE II score, higher rate of respiration, lower blood pressure, lower SpO 2 , required mechanical ventilation support and were oliguric.
Increased IAP was associated with a higher number of days the patients spent in ICU. Patients with higher IAP values necessitated additional testing, medical treatment and care, thus increasing the number of staff members for these patients, prolonged treatment at ICU and additional costs. Studies conducted by Keskinen et al. 20 and Hong et al. 21 also showed that the increase in IAP was followed by increase in the APACHE II score, lactate and creatinine levels, and number of days of ICU treatment. In these studies, the rise in IAP increased patient lethality from 10% to 50%.
Eff orts of the staff in every ICU should be channeled in such a manner that attention is in particular paid to the possible development of IAH in patients with acute abdominal syndromes, along with timely diagnosis and reduction of complications of this frequently overlooked disease.
Conclusion
In patients with acute abdominal syndrome, increased IAP is associated with increase in partial pressure of carbon dioxide, respiratory rate, peak inspiratory pressure, central venous pressure, heart rate, APACHE II score, mortality rate, creatinine and urea levels, and number of days of treatment in ICU, while the values of partial pressure of oxygen , blood oxygen saturation, diuresis and abdominal perfusion pressure are declining.
